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©. Hydroxyaikylamide powder coating curing system. 

© The thermosetting powder coating composition which has good stability and gives good physical properties, 
such as exterior durability, appearance, flexibility, hardness, solvent resistance and corrosion resistance, is 
disclosed. The composition comprises a co-reactable particulate mixture of a carboxyiic acid group-containing 
polyester and a beta-hydroxylalkylamide. 
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HYDROXYALKYLAMIDE POWDER COATING CURING SYSTEM 

The present invention relates to, thermosetting powder coating compositions and/more particularly to 
powder coating. compositions which have good exterior.durability. •' • • : P an,cu,ar| y- » 

-. Backgrou nd.of the Invention ■<■;■■ .. . :.. ?.\ 

' — — • ' \ . \ 

nrJ^n 60a * n l txim ^ Sons for US9 in'painting are extemely desirable. Such coating compositions 
greatly educe and can even eliminate organic solvents used in liquid paints. When poX coatinn 

ZT?T f T! *. heatin9 ' m " ^' V ° ,atile rTlat9ria, is Qiven °« t° the luZi^nSrtSS 

2n sbessskt ,iquid paints in which or9anlc int ° * 

Powder coating compositions, formulated with a polyester polymer are especially useful" for their 

ZrtZ Z T 3 ?JT™ P ° Wder COafln 9 compositions including a carbo y c aS 

functional polyester and tnglycidyl isocyanurate (TGIC) as a curing agent are common Although S e 
powder coating compositions give useful coatings with good propels they are expensive to formuS 

■ SU? t ? > TQ,C - AIS0 ' T<3,C Pre5entS ■***""«*»« with a toxicity problem «d 
relatively h.gh cure temperatures of from about 360' Fahrenheit (F).to about 400* F 

Summary of the Invention 

Jl!Z to * Pr ! Sent inV8nti ° n ' 3 themoseWn 9 Powder coating composition is provided The 

group-containing polyester having a Tg < of from iSaf Cto 
about 85 C a n d an and number of from about 20 to about 80. and a beta-hydroxyalkyiamide curing agent 
The powder, coating compositions of- this- Invention cure at significantly lower temDeraSe^ftL 

physical propertres such as appearance, hardness, impact -resistance and chemical resistance. 

' , ■ Detailed Description of the Invention 

The powder coating compositions- of the- present invention comprise an intimate mixture of an 
amorphous : carboxylic acid group^ontaining.polyester and-a-beta-hydroxyalkylamide 
■ resisI^JtrJ'n!!? 9raU r X,nteining P^er contributes flexibility, impact. resistance, and corrosion 
resistance, to the powder coating composition of the present invention. Among the carboxylic acid qrouo- 
contain.ng poyesters which may be used are those.based on a condensation Veaction oS^pSS 
•3L?S22fWr S ?' r' th a ' iphatic «** -omatic polycarboxyiic acids end Anffi. 
9 ^jL^ l ^ ^- inei ^ 1 ** h ""** 1.3-Propanediol, 1.4-butanediol, 1.6-hexanedlol. 
22512? ■ d,m ^ an0 '' trimeth y ,0| P ro P^. "d the like. Suitable polycarboxylic acWs 

and enhydrjdes .nclude sucoruc acid, adipic acid, azelaicacid, sebaclc acld/terephthalic acid. teophthaS 
acd tetrahydrophthaLc acid, hexahydrcphthalic acid, trimellitic acid, and anhydrides of such acids 
fc,™ * f ? 0ranhydride are reacted ^ther with an excess of acid over alcohol so as to 
form a polyester wh.ch has free carboxylic groups. Preferably, the carboxylic acid group-containing 
polyester w,.l have an add number of from about 20 to about 80. more preferably from about 30 to abort 
75, and w,ll be, an amorphous solid at room temperature. The polyester is further characterized as having a 
Tg of from about 30 C to about 85 C, preferably from about 40* C to about. 75" C 

.« Jll Ll.?ff n P ° ly H e I i9 ? T S u re ° f the . hardness and melt flow of the polymer. The higher, the Tg, the 
less the melt flow and the harder the coating, Tg is described in Principals of Polymer Chemistry' (1 953). 
Cornell Un.vers.ty Press. The Tg can be actually measured or it caTbTcFcuTated^eicTibidFy Fox Tn 
BulL Amer. Phys^ Sop, 1 . 3. page 123 (1956). Tg, as used herein, refers to actually measured values For 
measurement of the Tg of a polymer, differential scanning calorimetry (DSC) can be used (a rate of heating 
of 10 C per minute, with Tg taken at the first influxtion point). 
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If the Tg of the polyester is below 30* C, the polymer and a powder coating composition including such 
a polymer can tend to be sticky and difficult to handle. If the Tg is above 85 ° C, the meit flow of the 
polyester is low and th coating may , have poor app arance. 

The other essential ingredient in the- powder coating compositions of the present invention is a beta- 
hydroxyalkylamide. The beta-hydroxyaikylamide is a curing agent for the acid-functional polyester. The 
beta-hydroxyaikylamide can. help provide a crosslink polymer network 1 which is hard, durable, corrosion- 
resistant and solvent-resistant. It is believed the beta-hydroxyaJfyla^ides cure the coating through an 
esterification reaction with the carboxy-containing" polyester to form multiple ester linkages. The hydroxy! 
functionality of the beta-hydroxyaikylamide should be on an average basis at least, two, preferably greater 
than two., and more preferably from greater* than two up to about four in order to obtain optimum curing 
response. 

The beta-hydroxyaikylamide materials can be depicted structurally as follows: 
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wherein Ri is H or C t - Cs alkyi;-R 2 is H, Cr- Cs aikylor: 
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HO - CH - CH„- 



wherein Ri is as described -above; - A is a -bond, monovalent or polyvalent organic radical derived from a 
saturated, unsaturated or aromatic hydrocarbon * including substituted hydrocarbon radicals containing from 
2 to 20 carbon atoms, m is equal to 1 to 2, n is equal to 0 to 2/ arid I m *+" n is at least 2, preferably greater 
than 2, usually within the range of -from 2oip to and including "4. Preferably; A is" an alkylene radical -(GHzfc 
where x is from 2 to 12, preferably from 4 to 10. - ' !-■'-•-' 

The beta-hydroxyaikylamide can be prepared by reacting a lower alky! ester or mixture of esters of 
carboxylic acids with a beta-hydroxyalky (amine at a temperature ranging from ambient temperature up to 
about 200 *C depending on the choice ; of ^reacents' and the presence or absence of a catalyst. Suitable 
catalysts, include base catalysts such as 'sodium methoxide, potassium methoxide, sodium butoxide, 
potassium butoxide, sodium hydroxide, potassium hydroxide and the like, present in amounts of about 0.1 
to about 1 percent by weight based. on theweight of the alkyl ester; * '" J ' 

To bring about the most effective cure -of; the powder coating composibonVthe equivalent ratio of beta- 
hydroxyaikylamide (hydroxy equivalents)^ to^carbbxy-cohtaining polyester (carboxylic .acid, equivalents) is 
preferably from about 0.6 to -1 .6:1. more preferably from 0.8 to 1/3:1. Ratios outside the range of 0.6 to 1.6:1 
are undesirable because of poor cure. : . ■ '..'.-* 

• The powder coating composition can :further include a crystalline carboxylic acid group-containing 
material selected from the group of C* to G 20 aliphatic polycarbbxyiic acids; polymeric poiyan hydrides, low 
molecular weight polyesters having an- acid -equivalent weight from about 150 to about 600 and mixtures 
thereof. This crystalline material can provide for additional flexibility and/or impact resistance in the resultant 
coating as well as assisting in the flow of the powder coating during cure thereby providing for smooth, 
so s glossy- coatings. . . • * 

Among the aliphatic pplycarboxylic acids which may be used are included dicarboxylic acids such as 
.adipic acid, suberic acid, azelaic acid, sebacic acid and dodecanedioic acid. Preferably, the aliphatic 
dicarboxylic acid contains an even number of carbon. atoms. Dodecanedioic acid is the preferred aliphatic 
polybasic acid, 

55 The polymeric polyanhydride.includes those of the structure: 
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m 




70 



75 



TS^Y^t and..m equals 4.'tp 12 and n is <?f such a valuethatthe molecular weight 

of the polymenc polyanhydride is in M, range of .about 400 to about 2.500. preferably about 600 to about 
1.200 on a number average basis. Molecular 'weights greater' than. 2JSO0 are 'undesirable because of a 
tendency to; cause poor stability in .the Joating comppsltion.-Bcarhples.of su'itable'. polymeric polyanhydrides 
are polyopic anhydride), pply(azeiaic anhydride). poly(sebacic anhydride), poly dodecanedioic anhydride) 
and mixed acid anhydrides. ; . ' .. ' • ;; ' . ' 

The polymeric polyanhydride can be prepared. by heating the ac#. precursor from which the anhydride 
is denved w.th a simple ahhydride, such as acetic anhydride, and;, removing 'the evolved acid (acetic) which 
is generated under vacuum. Preferably, the acidcoritains an even number of carbon atoms 
. , The low molecular, weight; carbpxy lie acid group-containing polyester generally has an acid equivalent 
■ f from .abort 150 to about 600. Such a. polyester is ;crystalline'and generally has a number average 

, molecular weight from about 300 to. about 1.2Q0. The low. molecular weight polyesters' which may be used 
so include condensation [ products of; aljphatfcpolypls, preferably aliphatic diols. and aliphatic and/or aromatic 
polycarboxylic acids. ' preferably dicarboxylic ' acids. Examples of suitable aliphatic polyols include 1 2- 
eman^diol 1.3^ropanedipl, ,1.4.butanedipl, 1,6-hexanedipl neopentyl glycol, cyclohexane dimethan'ol. 
. tnmethylolpropane and the like, Preferably, ' the. aliphatic polyol is a dibl'such as 1 ,2-ethanedioi 13- 
propanedrol. 1 ^bjitanediol or l.e-hex^edipi: .Suitable polycarboxylic acids .include aliphatic dicarboxylic 
25 .. acids, preferably C* to Cap dicarboxylic acids such as. succinic acid, adipic acid, azelaic acid, sebacic acid 
dodecanedioic acid, undecariedioic acid; and aromatic dicarboxylic acids such as terephthalic acid 
.sophthalic acid, and. phthallc acid. Preferably, the polycarboxylic acid is. an aliphatic dicarboxylic acid 
ataSeP 6 P 12 ^ * t0!ti? ' 9S ° f SUCh P ol .y cartox y |ic acids Pf anphaUc polyols may 
so The-irigredients- are reacted together at an equivalent ratio of diol.to diacid of from about 1:2 to about 
. *-'? b0Ut 1 i ft" *» control.the molecular weightm the range .from about 300 to about 

1 200 (number average).. The resultant, low molecular weight polyester has an acid number of about 75 to 
about 375 (..e. an acid equivalent weight of about .150 To about 600) and is a crystalline solid at room 
• T^f^i Urther ' * e re?ultant Wstailine polyester material has a melting range of from about 50 ' C to 
35 aboutHO C, preferably frorh about 70 C to about 110* CI 

The molecular weights of the polyesters are determined by gel permeation chromatography (GPC) 
using a polystyrene standard. Therefore, it is not the actual molecular weight which is measured but an 
md.cat.on of the molecular weight as . compared to polystyrene. The values which are obtained are 
commonly referred to as polystyrene- numbers; however, for the purposes of this application, they are 
40 referred to as number average molecular weights. 

The amount of the crystalline carboxylic acid group-containing material In the powder coating composi- 
tion can vary from 0 to about 25 percerifby weight and, where present, preferably from about 5 to about 20 
percent by weight based on total resin solids. Amounts greater than 25 percent by weight are undesirable 
because pfincreased powder stability, problems. 
.48 . The coating composition may also^ contain certain other additives that are typically Incorporated into 
powder coating compositions such as pigments, flow control agents, anti-popping agents, powder flow 
additives, and light stabilizers. 

In order to give the powder coating' compositions a suitable color, a pigment can be included in the 
coating .composition typically in amounts from about 1 to about 50 percent by weight, based on the total 
so we.ght of the powder coating composition. Pigments which are suitable for powder coating compositions 
. maybe organic or. inorganic and .include basic lead silica chromate, titanium dioxide, ultramarine blue 
phthalocyanme blue, phthalocyanine green, carbon black, black iron oxide, chromium green oxide, ferrite 
yellow and quinto red. 

Suitable=as flow, control-agents are acrylic polymers, such as polylauryl. acrylate. polybutyl acrylate 
55 poly(2-ethylhexyl) r acrylate. poly(ethylr2-ethylhexyl) acrylate. polylauryl methacrylate. polyisodecyl 
methacrylate and the like, and fluorinated polymers such as esters of polyethylene glycol or polypropylene 
glycol with fluorinated fatty acids, e.g., an ester of polyethylene glycol having a molecular weight over about 
2,500 and perfiuorooctanoic acid. Polymeric siloxanes with molecular weights over 1,000 may also be used 
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as a flow control agent, for example, polydimethylsiloxane or poiy(methylphenyi)siioxane. The flow control 
agents can aid in reduction of surface tension during heating of the powder and in eliminating crater ■ 
formation. Generally, the flow control agent when used, is present in amounts from about 0.05 to about 5 
percent by weight based on the total weight of the- powder coating composition. 

Anti-popping agents can be added to the compositions to allow any volatile material present to escape 
from the film during baking. Benzoin is a highly preferred degassing agent and when used in present 
amounts ranging from about 0.5 to about 3 percent by weight based on total weight of the powder coating 
composition. The powder coating compositions may also preferably contain UV absorbing agents, such as 
TiNUyiN,' which when used are typicklly. present jn the . compositions in amounts of about 0.5 to about 6 
perce^ 

' ' in addition, the* powder coating' composition, may contain fumed silica or, the like as a powder flow 
'additive i'to reduce caking of the pb : wde¥ : during storage:^ silica is sold by; Cabot 

; 'Corporation under the tra'dernark 'CAB-O^SILC the powder flow additive, when used, is generally present in 
amounts from ranging from about 0.1 to about 0,5 percent by Weight! based on the total weight of the 
' powder coating composition/The pdwdef flow additive, is generally added, to :the particulate powder coating 
composition' after preparation of the particulate mixture. . ^ 

The" thermosetting powder coating compositions are, prepared by melt blending the ingredients of the 
coating composition.. This can be accomplished, by first blending in a fiigh shear or high-intensity dry mixer, 
e.g.; aWeilex mixer, and the ? n rheltb'lSnding the mixture in, ah ex^uderat a temperature from about 80 C 
to about 13(TC. The extrudkte" is thin copied and * pulverized into >. powder. The powder coating 
composition can' be applied directly/to/me^ as steej or alur^iriyri}, ;glas5, plastic, or fiber-reinforced 
plastic substrates: ' "TV ' w „. , . ■ . 

Application of the powder can. be by eiecfrosfatic spraying or by the, use : of a fluidized bed. Electrostatic 
spraying is preferred. The powdeV coating composition can" be applied in 'one, pass or in several passes to 
provide a film thickness after cure ^ a high-quality finish at 

reasonable cost the thickness of .the pp^.coatrn^ if frorrj abqut^V:?]o abo.ut.4 mils, preferably from 

about 1.4 to about 3 mils". "',."*...:."• - ; . - v. 

the substrate to be coated can optionaijY .be preheated prior, to 'application of the powder to promote a 
" more uniform powder deposition. Upon application of the powder; the powder-coated substrate can be 
baked typically at from about 300 ' F to. about 40p* F (1 49 * C to 204 ^0/ about 5 to about 60 minutes, 
preferably about 20 to about 40 minutes. 1 '" ; .7" ' . . 4 ... 

' The present invention will be more fully uncjerstbbd. from the following J ljustrative examples wherein ail 
*. quantities, percentages and ratios'are on a weight basis unless otherwise .indicated. 

The following Examples '(A-D) show the \ preparatipn; of paribus hydroxy alky lam ide curing agents. 
35 carboxylic acid-functiorial polyesters and carboxylic acid-functional: airy lie polymers which are used in 
preparing thermosetting powder coatipg. compositions. . . 
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EXAMPLE A 



Bis[N,N-di(beta-hydroxyethyl)] adipamidergiutaramide was prepared from the following mixture of ingre- 
dients. ' • 't t \Z * .L c V 



45 


\ Ingredients :■ 


■ Parts by 






,}:• Weight 






(grams) 




90/10 weight ratio of dimethyl adipate/dimethyl glutarate 


/ 2491 .4 


50 


Diethanolamihe 


3635.6 




Potassium hydroxide .... 


12.0 



55 



The ingredients -were charged to a reaction vessel and heated to about 100'C at which point the 
distillation of methanol began. Reaction was continued while distilling methanol (a total of 590 g) until a 
temperature of 111* C was reached: A partial vacuum (150 millimeters of mercury) was applied' to the 
reaction vessel and an additional 275 g of methanol was removed. About 865 g of fresh methanol was then 
• added to the reaction vessel, followed by addition of 4.800 milliliters (ml) of acetone. As the reaction mixture 
cooled, the hydroxyalkylamide precipitated. The precipitate was filtered/washed with acetone and air dried 
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to^yield a reaction product mefting-at about' 1 14* C to about 118* C. 



EXAMPLE B 



An amorphous carboxylic acid group-containing polyester was prepaid from the following ingredients: 
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Charge 1 


. , .-. Ingredients 


Parts by 




Weight 




(grams) • 


Neopenty I. glycol [ 


2379 


Trimethylolpropane * 


302 


.Hexahydrophthalic anhydride 


3759 


Dibutyltin. oxide - 


7 


\ Charge 2 : 


Ingredients 


. Parts by 




Weight 




(grams) 


." Hexahydrophthalic antiydrid^ 


560 



Charge 1 was heated in a reaction vessel including a nitrogen sparge to about 240 *C and held until the 
acid number dropped below a value of 3.0. Then, the reaction mixture was cooled to about 150 - C- Charge 
2 was added; and . the reaction mixture- held, at about 150;' C for two hours. The resultant product had an 
acid number of ,35.7, a hydroxyl number of about 0.5, a total solids of 100 percent as measured at 110°C 
for two hours and a number avarage molecular weight of about 4,585. 



EXAMPLE C 



35 



An amorphous carboxylic acid group-containing polyester was prepared from the following ingredients: 



.40 
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■ Charge 1 " u ' ' 


, . . ingredients . 


'.Parts by 




■ Weight 




(grams) . . 


Neopentyl glycol 


1088 


Trirnetriyidlpropane 


138 


Hexahydrophthalic anhydride 


1719 


» Dibutyltin oxide 


3 


* ' Charge 2 


Ingredients 


Parts by 




Weight 




(grams) 


Hexahydrophthalic anhydride 


. 256 



Charge 1 was heated to about 240 C in a reaction vessel including a nitrogen sparge and held until the 
acid number dropped below a value of 3.0. Then, the reaction mixture was cooled to about 150"c- Charge 
2 was added; and the resultant mixture held at about" 150* C for two hours. The resultant product had an 
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acid number of 36.6, a hydroxy! number of about 5.2, a total solids .of 10Gpercent as measured at 110* C 
for two hours and a number average molecular weight of about 3,535. 



EXAMPLE D " 



A carboxylic acid group-containing acrylic polymer was prepared from the following ingredients: 



~ Reaction- Charge 


Ingredients 


■ Parts by 
Weight 
( (grams) 


Xylene . - - t 


* aoo.o 


Initiator Charge . 


- - - Ingredients * 


■ Parts by 
Weight 
(grams) 


Ditertiarybutyl peroxide 
Xylene 


36.0 
64.0 




Ingredients 


Parts by, 

• 'Weignt;:'.; 
(grams) J * 


Styrene v . -\ ... ■ . 
Methyl methacrylate 
Butyl acrytate 
Methacrylic acid 
Mercaptoprppionic acid 


945.4 / • 
. .432.9 : ; 
251.6 
220.1 
27.8 



The reactor charge was heated under a nitrogen atmosphere to reflux, The initiator charge and 
monomer charge were then added slowly anij : simultaneously to the 'reactor charge over a period of about 
three hours while keeping the reaction mixture at reflux. After the feeds of the initiator charge and monomer 
charge were completed, a rinse charge, of 100 g xylene was added; Then, the reaction mixture was held for 
two hours at reflux followed by cooling.- Finally, the- reaction mixture was heated to reflux, 81 g of sebacic 
add was added, and heating continued under vacuum to remove solvent. The resultant reaction product 
had a solids content of 99.7 percent (measured at 150° C for. two hours), an acid value of 94.4, a number 
average molecular weight of 4,513 and a weight average molecular weight of 10,956; the molecular weights 
being determined by gel 'perrheation chromatography using a polystyrene standard. 

The following examples are of thermosetting pigmented powder coating compositions. 

- - - Example 1 - 

A pigmented powder coating composition including beta-hydroxyalkylamide curing agent and, for 
comparison, a clear powder coating composition including triglycidyi isocyan urate as the curing agent were 
prepared from th following mixture of ingredients: 
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. -r."" * Ingredients 


Parts by Weight 
(grams) 






A 


B 




Carboxyiic acid group-containing polyester 1 
*; Hydroxyaikyfamide of Examples .. , 
■ Trigiycidyl isocyanurate, . ; ".. '.' . , 

; Benzoin f ■ .............. # •"" 


* 500.0- 
; : 29.7 


943.9 

, \'SB A 
> 8.0 
13;8 
20.0 


10 


♦ MODAFLOWiiK . - \ - '.. . \ :: 

IRGANOkl076 3 
Titanium dioxide 
Carbon black 


V ..6,8- 

. 11.6 

137.5 
1.4 



15 



.20 



25 



..J. Mu.nuci ur rrom ra \ii and a Tg of 60 C * 

available as P3600 from D.S.M. Company ■ ' 

(2)MODAFLOW 111 is poiy(ethyr-2-ethyihexyf)acryl^ on a siiica carrier, available 
' from Monsanto Company. 

_gRQANpX l076 is a polyphenol. stabilizer that.inhibjts oxidation, available from 

Ciba-Geigy Corporation. 

'p*2V£™~ 'W^-* 8 ?- Wendedjn a high-intensity mixer and then melt blended in a Baker 
Perk,ns fcv.n screw, exfruder. at 110 C. The extrudate was-chilled andjaked on a ch II roler qLnd t a 
rn.crom.ll and s.eved through a 140-mesh screen. The -resultant powder was then ZSJ^S^i 

° SteTaTSut " ^^1^. SPraV C0at9d -eTeSdTM 

-™Tab.e 1 blw 9 ' 05Sy COat ' n9S - 1,16 properties Gf the resulta <* coating are reported 
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.Example 2 



»»''*>>*V'' l 'W'*'"'w» *WM torn itaUMig ,*«< of torments to 
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45 



50 



55 



Ingredients 



Carboxyiic acid group-containing polyester of Example B 
Beta-hydroxyalkylamide of Example A 
Triglycidyi isocyanurate • ' ■ ' ^ "' " 
Additive blend 1 

Carboxyiic acid ^ro up-containing acrylic polymer of Example 0 
.Organic, red pigment 2 
. Titanium dioxide 

■Organic -yellow pigment 3 ■ 

Organic.orange pigment 4 



Parts by Weight 


(grams) 


A 


B 


625.0 


625.0 


86.5 






92.0 


53.8 


53.8 


23.2 


23.2 


55.9 


55.9 


8.8 


8.8 


13.3 


13.3 


14.8 


14.8 



,<1)A preblend containing 10.10 percent benzoin, 17.75 percent MODAFLOW III 28 86 
percent IRGANOX 1 076, 14.43 percent TINUVIN 900 and 28.86 percent TINUVIN 144 on 
, a by we.ght basis, TINUVIN 900 and 144 are available from Ciba-Geig Corporation 
. (2)Ava.lable as F2RK70 from Hoeschst Corporation. rporanon. 
(3)Available from- Hoeschst Corporation. 



The formulation ingredients of each respective sample were blended in a hinh inWk, m - 
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chill roller, ground in a micromiil and sieved through -a 140-mesh screen. The resultant powders were 
electrostatically sprayed onto grounded steel panels. The coated panels were baked for 15 minutes at about 
204* C to form hard glossy coatings. The powder coating formulation with the TGIC did not cure well under, 
these conditions. The properties of the coating from the respective formulations are given in Table 1 below. 

s It can be seen thatthe powder coating with the beta-hydroxyalkylamide provided superior impact resistance ^ 
compared to the powder 'coating 'formulation 'with the TGIG.'ln. addition, QUV exposure was conducted by' 
exposing the coated panels to alternating cycles of UV light and! condensing humidity in Q-U-V-Accelerated . 
. Weathering Tester manufactured by the -Q-Panei -Company. -The UV light was generated with a UVB313 
- larhp (320-280 nanometers). The temperature of the UV light cycle was 70 # C. The temperature of the 

10 : condensing humidity cycle was 50* C. After 1,'473 light hours; the coating with the beta-hydroxyalkylamide 
showed no loss of gloss. / ' ^ . I 

' - /■ - - • ";;'77:'"r^.'^ ^xarnple 3 ? ^' 

A pigmented powder coating composition was prepared from the following mixture of ingredients: 



Ingredients- ■ - 


Parts by 
Weight 
(grams) 


• Carboxy lie -acid group-containing aliphatic polyester of 'Example C 


' 406.3 


Dodecanedioicacid .' , ;-">* ' "- ::v " ' - l - -'■>'*'■ ^ ^ - 


21.6 


>- Beta-hydroxyalkyiamidet>f Example T A E : " ^ 


44.4 


Additive blend 1 ^ -.. r - £ ; x ' : ; 


32.9 


Titanium dioxide 


94.4 


Carbon black 


0.26 


(1)As in Example 2. * 



The formulation ingredients were blended in a high-intensity mixer and then melt blended in a Baker 
Perkins twin screw" extruder' at : .1 10 ? C. The* extfudate- Was chilled" and flaked on a chill roller, ground in a 
micromiil and sieved through a r 140-mesh screen. The resultant powder was then electrostatically 1 sprayed 
35 onto grounded steel panels using an electrostatic spray' gun. The 'coated panels were then baked for about 
15 minutes at about 191 "C to form hard glossy coatings. The ^properties of the resultant coating are 
* reported in Table 1 below. . ^ 

40 Example 4 



A pigmented powder coating composition was. prepared from the following mixture of ingredients: 



- . ■ ■ Ingredients ' Z---^ : 


Parts by 




Weight 




"(grams) 


P3600 polyester . 


. '496.5 


.Dodecanedioic acid - - - - - — - 


39.7 


Beta-hydroxylalkylamide of Example A 


63.8 


Additive blend* - 


4*1 .8 


Titanium dioxide 


120.0 


Carbon black ' 


0.6 



(1)As in Example 2. 



The formulation ingredients were blended in a high-intensity mixer and then melt blended in a Baker 
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^^^^^^^ ** na ted on a c W „ ral ,e, : ground in a 
onto grounded steel panJusmgZ ^trl^^^L ^ ^ **" e,e ^°»ly sprayed 

15 minutes at about 191 f C^ 

reported" fn Table; 1 below. 9 V 9S ' ^ P m P^ of the resultant coating are 
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Test Procedures. 
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(l)Tha impact resistance was measured with a Gardner Impact Tester Thp 
coated panels were subjected to increasing amounts of Spact until^he 
coating cracked, Th f panel was impacted, on the . coa?Lg stL , J e ^ 

' cSLi r"''.- and alS l° n th? Side ° f the ^ted.paneLppo ite he * 
coating,. i.e., reverse impact. .The' results aW' reported in- ' \ 

'■SSSSfi.'^ ^-?.^f^,^.^^'"4"^>'^ in the 

C2)The mandrel bend test involved bending coated panels (4» x 12") 
around a 1/8-inch mandrel and. measuring cracking/delamination in 
inches along the bend line. / . .. "^ tion in 

(3) Peneil harness was determined by taking pencils of increasing 
hardness; (from F to 4H) and attempting to etch a scribe mark in the 
coating. The hardness of the first pencil that would et™ the coatine 
is reported as the pencil hardness of the film. coating 

(4) th! XL 31 * 5°\ 8l0SS ^re measured with gloss meters manufactured by 
the Gardner Instrument Company. y 

(5) The salt spray corrosion resistance was measured by scribing the 
cured coated panels with an "X" and exposing the scribed panels to a 
XMS'P f0g - a i, 100 F as generally described in S - 7 
for 500 hours. The panels were removed from the chamber, dried the 
scrxbe, mark taped with .masking, tape, the tape pulled .ff ',^ 

^ ■, ' £x< * the .scribe..mark, measured. Creepage is the 
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Although the present invention has been described with reference to specific detaif it is ™t intend 
that such details-should 'be regarded as limitations upon the scope of L^Z5^ rt as^TS 
extent that they are included in the accompanying claims. ' P ^ t0 the 



40 Claims 

1 . A thermosetting powder coating composition comprising a co-reactable particulate mixture of 

85 V »l ^^^d 9/^P^ntaining polyester having a Tg in the range of about 30 - C to about 

85 C and an acid number of from about 20 to about 80; and 

»rin «?• ^^^^yiarnlde. the equivalent ratio of beta-hydroxyaikylamide equivalents to carboxylic 
acid equivalents being within the range of 0.6 to 1 .6:1. carooxyuc 

2. The composition of claim 1 wherein the carboxylic acid group-containing polyester is characterized 
as having a Tg from about 40 C to about 75' C and an acid number of from ^JfoM^^^ 

so 3- The composition of ciaim 1 in which the hydroxylalkylamide is of the structure: 
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HO - CH - CH 2 - N - C -| 



A - 



m 



C - N - CH 9 - CH -OH 
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where Rr is H or Ct-C 5 alkyl; R 2 Is H, C1-C5 alkyl or . 



HO - CH - CiL - 



- wherein Rr is p described above and A is "a chemical bond or"mdnovaiant or polyvalent organic radical 
: 70 denved >om satu'rated/ aromatic hydrocarbon 1 radical^ including substituted hydrocarbon 

radicals containing from 2 to 20 cartfdn atones, m equals '1 to 2, n equals. 0 to 2 and m + n is at least 2. 
• - "4. The composition of claim 2 'in which' the hydroxy laikylamide is of the structure: . 



HO - CH - CH 0 - N - C - 



T 



-A' 



C - N~- CH. - CH - OH 

,,4,,:. 2 - \:> 



-■2 — *■ ' 



1 



where Ri is H or C1-C5 aikyl; R 2 is H, Ci-C s alkyl or: 
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HO - CH - CH 0 - 



35 



wherein R t is as described above <and : A : is A a" chemical bond or "monovalent or polyvalent organic radical 
derived from- saturated,- unsaturated or aromatic hydrocarbon; radicals" ;fndudirig substituted hydrocarbon 
radicals containing from 2- to 20-carbon atbmVrri equals 5 Ho 2,'n equals 6 to 2 and m + n is at least 2. 

5. The composition of claim 1 which further includes 'V crystalline carboxylic acid group-containing 
material selected from the group consisting of an aliphatic poiycarboxyllc acid containing from about 4 to 
about 20 carbon atoms, a polymeric [Dolyanhydride, a. polyester having a number average molecular weight 
from about 300 to about 1,200 and an acid 'equivalent weight of from about 150 to about 600 and mixtures 
thereof. 
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